values is -3 dB for the EH U$ mode. This is not an unex- 
pected result Tor the reasons already discussed. 

Conclusions: We report the results of our measurements of the 
RCS of dielectric bodies of high permittivity. It is concluded 
that the resonant scattering cross-section of the electric or 
magnetic dipole modes of dielectric bodies of high permittivity 
can be computed with great accuracy using a very simple 
formula predicted by the asymptotic theory. 
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REALISATION OF FREQUENCY SELECTIVE 
HORN ANTENNA INCITED FROM PASSIVE 
ARRAY 

J. C. Vardaxoglou, R. D. Scager and A. J. Robinson 



Indexing terms: Horn antennas. Antennas, Frequency selective 
surfaces 

A frequency selective horn prototype employing double- 
square array elements has been assessed experimentally. 
Results are shown which indicate that the concept will allow 
colocation of several high performance feed horns for inte- 
grated multiband operation. 



The horn antenna described in this Letter is based on a 
concept presented in Reference 1 which shows that frequency 
selective surfaces (FSSs) may be used to guide EM energy by 
acting as frequency-dependent walls. Although this has been 
demonstrated in waveguide, a natural extension of the guid- 
ance is achieved by flaring out the array structure thus 
producing a frequency selective horn (FSH) antenna. A dual/ 
multiband horn could be made by using two or more FSHs, 
of different size, mounted coaxially. Alternatively the outer 
horn could be solid metal as with traditional horns, and the 
inner horn an FSH. At low frequencies the inner FSH is trans- 
parent, and the effective horn dimensions are determined by 
the outer copper wall or outer FSH at resonance. At higher 
frequencies the inner FSH becomes opaque (reflecting) and 
guides energy as demonstrated later. Hence the outer struc- 
ture becomes irrelevant and the device performance is dictated 
by the dimensions of the inner horn. The band separation is 
primarily dictated by the resonance frequencies of the coaxial 
FSHs and, inevitably, by the coupling between them. For 
large band $ pacings, we have two horns, colocated, each of 
which will ideally perform in the absence of the other, 
resulting in a high performance dual/mul riband integrated 
horn. 

We present the performance of a single conical FSH proto- 
type which was constructed by simply folding a planar sector 
of an etched surface into a cone (Fig. la). The sector angle a e 
is 80 p and the lengths L e and L T are 16 and 19-4 cm. respec- 
tively. A double-square element geometry was used [2, 3]. The 
side length f the inner square is /, = 31 mm and the outer 
side length / 0 - 5*2 mm. The widths of the inner and outer 
squares were 0 1 and 0-7 mm, respectively. The array elements 
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were arranged on a closely packed square lattice of side 
D = 5 5 mm and printed on a 0-05 mm thick dielectric sub- 
strate (e, - 3). The surface was glued to a 0-1 mm thick acetate 
former (e f a 2-33) to provide rigidity. Fig. lb shows the cross- 
section of the FSH whose semiflare angle *, » 12-8°, length 
L » 15- 6 cm and aperture radius d = 4-4 cm. The horn surface 
area was 0 025 m 1 which accommodated over 840 conducting 
elements. The mechanical properties of the cone were such 
that when its apex was inserted into the open end of a wave- 
guide, the profile of the surface contained a smooth transition 
from rectangular to circular cross-section. A solid 
(nonpatterned) horn was also made in the same way from 
flexible dielectric-backed copper sheet Copolar and cross- 
polar pattern measurements were performed in the principal 
and 45° planes of the FSH and these were compared with 
results obtained from a solid copper horn and an open ended 
waveguide response. The electric field of the waveguide was 
taken parallel to y k and the sector axis y was in the y k ~ z h 
plane. As a consequence of using a square lattice, the array 
elements are oriented at varying angles to the boresight axis at 
different positions of the curved surface. 




Fig. I Top view of planar sector showing geometry and orientation of 
double-square array and cross-section of conical frequency selective 
horn depicting the array 

a Top view 
b Cross-section 

Fig. 2 shows the boresight frequency response of the FSH 
compared with that of the copper horn and open ended wave- 
guide. It may be seen that near the array resonance (around 
15 GHz) the gain of the horn approaches that of the copper 
horn, indicating that at this frequency the FSH walls are 
indeed acting as good reflectors. In the absence of the dielec- 
trics the wavelength of the resonance is approximately equal 
to the circumference of the outer square giving 15-5 GHz. 
Away from the resonance the response approaches that of the 
open waveguide, indicating that the walls are becoming inert 
According to the approximate directivity formula [4] for 
a solid horn, 10 log^lnd/X) 2 - (0 8 - 1 71s + 26-25s* 
— 17-79s 3 ), where the maximum phase deviation s - 
(d 2 /2XL e \ the gain at 14-5 GHz is 21dBi. At the same fre- 
quency the measured gain of the FSH is -I9dBL This 
decrease is partly due to the lossy adhesive used and partly 
due to the discontinuity mismatches of the array along the 
line joining the sector in the FSH construction. Also shown in 
Fig. 2 is the measured plane wave traiumission response for 
normal incidence of a 20 cm square flat array. As expected, the 
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reflection band centre is broadly coincident with the FSH 
nana centre. 
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225 a SUCh ™ FSH has >>een simply made and 
£ted, «d. at resonance, its performance has ten found ?o 
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EFFECT OF F1- LAYER L CONDITION ON 
SYSTEMS ACCURACY FOR SSL HFDF 

D. C. Baker and J. J. Burden 

iono^ferir rf l lhe ' nttl,i ? e 8 n '™ ,e ° qoasiparabolic model of 
?r?^21^!? r 2!L 0 ?'. S " y '° ,nc,u<,e ,he F'-layer L condi- 
ihl on ^! ?" ov,5,onal resu, «« fl"u»«rating the effects of 
thB on ranging esUma.es from single station location HFDF 
systems are discussed. It is concluded that a knowledge of 

unportant for such systems to improve ranging estimates, 
especially when L conditions are present. 

/wroducfton: The multisegmented quasiparabolic (MOP) 
mode of ionospheric electron density distribution was devel- 

^ BakW and r UmbCT ' 0. 23 «d Dyson 
and Bennett [3], A descnption of the use of this model for 
single station loatioi. (SSL) HFDF systems is giVen by 

tadur, < h7efl2,I?,h MQ,> m0del ««" ^nced to 
include the efTect of the geomagnetic field [5], and the multi- 
segmen ed parabolic (MP) version to incorporate the Fl W 
MOP nrodel f deSCnbeS » modification' . 'Z 

eflST^ ° ,n ?'. ude ,he condition and illustrates the 

HFDF systems 00 °° 8r ° Und ^ estin,ates iB SS L 

^ i '"Od'*/: In the MQP model the electron 
density distribution N(r) is given by equations of the fornT 
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